Background and Purpose-Although overweight is an important risk factor for cardiovascular disease in Western countries, the impact of overweight has not been well elucidated in Japan, where its prevalence is low. Methods-A total of 104 928 Japanese (43 889 men and 61 039 women) aged 40 to 79 years, free of stroke, coronary heart disease, and cancer at entry participated in the Japan Collaborative Cohort Study for Evaluation of Cancer Risk Sponsored by Monbusho (JACC Study) between 1988 and 1990. Systematic surveillance was completed until the end of 1999, with 1 042 835 person years of follow-up, and the underlying causes of death were determined based on the International Classification of Diseases. Results-There were 765 total strokes (191 intraparenchymal hemorrhages), 379 coronary heart diseases, and 1707 total cardiovascular diseases for men; and for women, there were 685 (145), 256, and 1432, respectively. Compared with persons with body mass index (BMI) 23.0 to 24.9, those with BMI Ն27.0 kg/m 2 had a higher risk of coronary heart disease; for men and women, the respective multivariate relative risk (95% CI) was 2.05 (1.35 to 3.13) and 1.58 (0.95 to 2.62). Persons with BMI Ͻ18.5 kg/m 2 had higher risk of total stroke and intraparenchymal hemorrhage, for men and women, the respective multivariate relative risk was 1.29 (1.01 to 1.49) and 1.92 (1.49 to 2.47) for total stroke and 1.96 (1.16 to 3.31) and 2.32 (1.36 to 3.97) for intraparenchymal hemorrhage. These excess risks did not alter materially when deaths within 5 years were excluded or when smoking status was taken into account. Conclusions-For Japanese men and women, high BMI was associated with increased risk of coronary heart disease, whereas low BMI was associated with intraparenchymal hemorrhage. (Stroke. 2005;36:1377-1382.)
O besity is an important risk factor for cardiovascular disease in Western countries. [1] [2] [3] Persons with body mass index (BMI) Ն30 kg/m 2 had 1.5-to 3-fold higher mortality from cardiovascular disease. [3] [4] [5] [6] [7] More than 80% of the estimated deaths attributable to obesity occurred among individuals with BMI Ն30 kg/m 2 . 1 In the United States, the prevalence of BMI Ն30 kg/m 2 increased from 12% in 1991 to 18% among adults Ն18 years of age in 1998. 2 But in Japan, the percentage of those with BMI Ն30 kg/m 2 was only 3.2% in 1998 among adults Ն15 years of age. 8 Low BMI was also associated with increased mortality from total deaths 3, 5, 6, 9 and stroke. 10 -12 However, a previous study showed that the inverse association for hemorrhagic stroke was confined to smokers. 4 We examined comprehensively the relationships between BMI and mortality attributable to total stroke, stroke subtypes, coronary heart disease, and total cardiovascular disease among Japanese men and women in a large prospective cohort study.
Subjects and Methods

Japan Collaborative Cohort Study for Evaluation of Cancer Risk
Sponsored by Monbusho (JACC Study) began in 1988 to 1990, when 110 792 individuals (46 465 men and 64 327 women) aged 40 to 79 years living in 45 communities across Japan participated in munic-ipal health screening examinations and completed self-administered questionnaires about current height and weight, their lifestyles, and medical histories of previous cardiovascular disease and cancer. 13 Informed consent was obtained from them when they completed the questionnaire. Follow-up surveys were conducted annually to verify the vital status of the participants. Among them, height and weight data were available for 45 893 men and 63 691 women. BMI was calculated in the formula of weight (kg)/height (m 2 ). Then we excluded 2576 men and 3288 women who had a history of stroke, coronary heart disease, or cancer at baseline. Therefore, 43 889 men and 61 039 women were enrolled in the present study.
For mortality surveillance in each community, investigators conducted systematic review for death certificates, all of which were forwarded to the public health center in the area of residency. Mortality data were sent centrally to the Ministry of Health and Welfare, and the underlying causes of death were coded according to the International Classification of Diseases, 9th Revision, from 1988 to 1994, and the 10th revision from 1995 to 1999 for the National Vital Statistics. Therefore, all deaths that occurred in the cohort were ascertained by death certificates from a public health center, except for subjects who died after they had moved from their original community, in which case subjects was treated as censored cases. The follow-up was conducted until the end of 1999, and the average follow-up for the participants was 9.9 years. The ethics committee of the University of Tsukuba approved the present study.
Statistical analyses were based on sex-specific incidence rates of stroke during the follow-up from between 1988 and 1990 to 1999. For each participant, periods of follow-up were calculated from the date of filling out the baseline questionnaire to his/her death, moving out of the community, or the end of 1999, whichever occurred first. The sex-specific relative risk of mortality from cardiovascular disease was defined as the death rate among participants in 6 categories of BMI (Ͻ18.5, 18.5 to 20.9, 21.0 to 22.9, 23.0 to 24.9, 25.0 to 26.9, and Ն27.0 kg/m 2 ). Because of the relatively low percentage of the categories of persons with BMI Ն30.0 kg/m 2 , the categories of BMI 27.0 to 29.9 and Ն30.0 kg/m 2 were combined. We used categories of BMI 23.0 to 24.9 kg/m 2 as the reference because of the lowest age-adjusted mortality in both sexes.
Sex-specific age-adjusted means and proportions of selected cardiovascular risk factors and psychological factors were presented among the categories of BMI using analysis of covariance or 2 tests. Test for a linear trend across the BMI categories was conducted by linear regression or logistic regression model, adjusting for age using a median variable of BMI in each BMI category. The age-adjusted and multivariate-adjusted relative risks and their 95% CIs were calculated after adjustment for age and potential confounding factors by using the Cox proportional hazards model.
The confounding variables included smoking status (neversmoker; ex-smoker; and current smoker, 1 to 19, and Ն20 cigarettes per day), alcohol intake category (never-drinker; ex-drinker; and current drinker, ethanol 1 to 22, 23 to 45, 46 to 68, and Ն69 g per day), hours of walking (seldom, Ͻ30, 30 to 59, and Ն60 minutes per day), hours of sleep (Ͻ6.0, 6.0 to 6.9, 7.0 to 7.9, 8.0 to 8.9, and Ն9.0 hours per day), college or higher education (primary school, junior high school, high school, college or more), high perceived mental stress (low, medium, high), frequency of fish intake (never, 1, 1 to 2, 3 to 4, and Ն5 servings per week), hypertension (no, yes), and history of diabetes (no, yes). Hypertension was defined as Ն140 mm Hg of reported systolic blood pressure, Ն90 mm Hg of reported diastolic blood pressure, or antihypertensive medication use. The analysis was repeated by exclusion of death within 5 years of the follow-up and stratified by smoking status (never-smokers versus ex-smokers and current smokers). The significance of the interaction of smoking status with BMI was tested using an interaction term of continuous 2 variables in multivariate models.
Cause-specific mortality was determined by total cardiovascular disease (International Classification of Disease, 9th Revision codes 390 to 459, 10th revision, codes I01 to I99), total coronary heart disease (codes 410 to 414 and I20 to I25), and total stroke (430 to 438 and I60 to I69), separately. Further groupings of total strokes were also conducted as intraparenchymal hemorrhage (431 and I61), subarachnoid hemorrhage (430 and I60), and ischemic stroke (433 to 434 and I63).
Results
During the 9.9-year follow-up of 43 889 men and 61 039 women aged 40 to 79 years, 1 707 men and 1 432 women died from total cardiovascular disease. These deaths among men included 765 total strokes (191 intraparenchymal hemorrhages and 300 ischemic strokes) and 397 coronary heart diseases. The respective number of deaths among women was 685 (145 and 240) and 256. The percent distributions of BMI was 10.4% for Ͻ18.5, 22.2% for 18.5 to 20.9, 27.1% for 21.0 to 22.9, 22.9% for 23.0 to 24.9, 11.4% for 25.0 to 26.9, and 6.0% for Ն27.0 kg/m 2 among men. And percent distributions for women were 12.2%, 19.7%, 25.2%, 21.7%, 12.4%, and 8.8%, respectively. The mean BMI was 22.6 in men and 22.9 in women. Table 1 shows sex-specific selected cardiovascular risk factors by 6 categories of BMI. For men and women, persons with BMI Ն27.0 kg/m 2 were more hypertensive, more diabetic, drunk more, and walked less compared with those with lower BMI categories. Men with BMI Ն27.0 kg/m 2 were younger, smoked less, and had higher fish intake, whereas women with BMI Ն27.0 kg/m 2 were less educated compared with those lower BMI categories. Men with BMI Ͻ18.5 kg/m 2 were less educated and more stressed compared with those higher BMI categories. We had the baseline data of serum total cholesterol for 27.6% of the total subjects. Serum total cholesterols levels were positively correlated with BMI for men and women. The proportion of serum total cholesterol Ͻ4.14 mmol/L (160 mg/dL) were 27.1% for BMI of Ͻ18.5 kg/m 2 , declining to 11.5% for BMI of Ն27.0 kg/m 2 in men and 12.1% to 6.7% in women (data not shown). Table 2 shows sex-specific age-and multivariate-adjusted relative risks of mortality from cardiovascular disease according to BMI categories. There was a U-shaped relationship between BMI and risk of mortality from total cardiovascular disease, with a nadir at BMI of 23.0 to 24.9 kg/m 2 for men and at BMI of 25.0 to 26.9 kg/m 2 for women ( Figure) . Persons with BMI Ն27.0 kg/m 2 had increased risk of mortality from coronary heart disease for men and women, although the trend did not reach statistical significance for women; the multivariate relative risk (95% CI) was 2.05 (1.35 to 3.13) for men and 1.58 (0.95 to 2.62) for women. When early deaths within 5 years were excluded, these relative risks were 1.94 (1.18 to 3.19) and 1.53 (0.88 to 2.67), respectively.
Persons with BMI Ͻ18.5 kg/m 2 had increased risk of mortality from total stroke, intraparenchymal hemorrhage, and total cardiovascular disease for both sexes; the respective multivariate relative risks were 1.29 (1.01 to 1. 2 also had increased risk of mortality from coronary heart disease and ischemic stroke; the respective multivariate relative risks were 1.76 (1.16 to 2.68) and 1.90 (1.22 to 2.96). When early deaths were excluded, these excess risks of mortality were reduced and were no longer statistically significant for coronary heart disease but remained significant for ischemic stroke; the respective multivariate relative risks were 1.42 (0.89 to 2.26) and 1.75 (1.08 to 2.85).
The associations between BMI and mortality were examined when stratified by smoking status (data not shown). The excess risk of mortality from coronary heart disease for BMI Ն27.0 kg/m 2 did not alter significantly according to smoking status. The multivariate relative risks for men were 1.47 (0.44 to 4.90) among never-smokers and 2.42 (1.50 to 3.91) among former and current smokers; the interaction was not statistically significant (Pϭ0.16). The respective multivariate relative risks for women were 1.61 (0.87 to 2.98) and 1.11 (0.24 to 5.14; P for interactionϭ0.57). Similarly, the excess risks of intraparenchymal hemorrhage for BMI Ͻ18.5 kg/m 2 did not vary according to smoking status. The multivariate relative risks for men were 1.89 (0.51 to 6.97) among never-smokers and 1.95 (1.07 to 3.55) among former and current smokers; the interaction was not statistically significant (Pϭ0.66). The respective multivariate relative risks for women were 2.04 (1.09 to 3.83) and 8.10 (0.63 to 105; P for interactionϭ0.96).
These results did not alter materially when we categorized the smoking status into current smokers and noncurrent smokers.
Discussion
In the present large prospective study of middle-aged Japanese men and women, we observed that persons with BMI Ն27.0 kg/m 2 had 1.6-to 2.1-fold excess mortality from coronary heart disease, whereas those with BMI Ͻ18.5 kg/m 2 had 2.0-to 2.3-fold excess mortality from intraparenchymal hemorrhage and 1.3-to 2.0-fold excess mortality from total stroke. There was a U-shaped relationship between BMI and risk of mortality from total cardiovascular disease, which was consistent with the findings from previous studies in the United States. 2 These associations did not alter materially when we excluded deaths within 5 years of follow-up or smokers.
The excess risk of mortality from coronary heart disease among persons with BMI Ն27.0 kg/m 2 was consistent with the finding from a previous Japanese study. 14 A prospective cohort study 6 of Ͼ1 million US adults showed that persons with BMI Ն30.0 kg/m 2 had 1.5-to 3-fold higher mortality from total cardiovascular disease compared with those with BMI of 23.5 to 24.9 kg/m 2 and Ͼ80% of the estimated Multivariate adjustment by age, hypertension, history of diabetes, current smoking, ethanol intake, hours of walking, hours of sleep, college or higher education, perceived mental stress, and frequency of fish intake. cardiovascular deaths attributable to individuals with BMI Ն30 kg/m 2 . 1 We did not examine the effect of BMI Ն30.0 kg/m 2 because only 1.6% of the participants (1.0% men and 2.0% women) had this high BMI category. According to the 1998 National Nutrition Survey of Japan, the prevalence of persons with BMI Ն30.0 kg/m 2 had 2.5% for men and 3.6% for women aged Ն15 years. 8 This prevalence was much lower than that in the United States (17.7% for men and 18.1% for women in 1998). 2 The excess risk of intraparenchymal hemorrhage among men with BMI Ͻ18.0 kg/m 2 has been reported recently in Korean men, 11 which was consistent with our results. However, in that study, there was also an excess risk from intraparenchymal hemorrhage among overweight men, showing a U-shaped association with BMI. The Physicians' Health Study suggested an excess risk of fatal hemorrhagic stroke among US white men with BMI Ͻ23.0 kg/m 2 . 12 The Nurses' Health Study showed that the excess risk of hemorrhagic stroke among US women with BMI Ͻ21.0 kg/m 2 was confined to smokers. 4 However, our study showed that the excess risk of mortality from intraparenchymal hemorrhage was similarly observed for smokers and nonsmokers. The excess risk of hemorrhagic stroke among Asians with BMI Ͻ18.0 to 18.5 kg/m 2 and among Americans with BMI Ͻ21.0 to 23.0 kg/m 2 suggests that low BMI, the cut points of which are different among ethnicities, may be a marker for increased risk of hemorrhagic stroke and not so much causally associated.
Associations between low serum total cholesterol and risk of intraparenchymal hemorrhage in previous prospective studies 15, 16 and a positive correlation between cholesterol and BMI in the present study suggest low cholesterol as part of a potential causal pathway between low BMI and intraparenchymal hemorrhage. It is also possible that low cholesterol may be a marker for something else that increased the risk of intraparenchymal hemorrhage.
The present study has several limitations. We used selfreported weight and height at enrollment to calculate BMI, in which measurement error may exist: an underestimation of weight and an overestimation of height. 17 However, a previous study of 1823 men and women aged 40 to 68 years showed that BMI estimated from self-reporting was highly correlated with actual BMI (rϭ0.94), and their mean difference was small (meanϮSDϭ23.3Ϯ3.0 versus 23.2Ϯ2.9). 18 Second, we used the mortality data, not incident data, as end points, which may lead to misclassification in the diagnosis of stroke subtypes in particular. However, a widespread use of computed tomography scans in Japanese local hospitals since the 1980s has probably made a death certificate diagnosis of stroke subtypes sufficiently accurate. 19 In conclusion, high BMI was associated with increased risk of mortality from coronary heart disease, whereas low BMI was associated with intraparenchymal hemorrhage, showing a U-shaped relationship between BMI and total cardiovascular disease for Japanese men and women.
